The amino acid sequences of the lambda chains of two mouse immunoglobulins have been determined. No variations were found between these proteins. The results are compatible with earlier fingerprinting analysis of the two chains, where no differences in the tryptic peptides could be demonstrated. The lack of sequence variations could be the result either of a peculiarly restricted expression of the lambda variable-region genome in the BALB/c myelomas or a small number of germ-line genes involved in the biosynthesis of light chains of the lambda type.
the sequence of the first ten amino acids (6) . These striking results encouraged further studies. This article reports the complete amino acid sequence of one mouse lambda chain (from MOPC 104E) and the essentially complete sequence of another (from RPC 20) of the same type. These sequences permit a more detailed exploration of the nature of the evolutionary relationship between the lambda and kappa chains of man and mouse.
MATERIALS AND METHODS
The light-chain proteins were obtained as described (6) . S- aminoethyl (AEC-Lc) and S-carboxymethylcysteinyl (CMCLc) derivatives were prepared as described (5) . The peptide fragments were obtained by digestion of various derivatives with trypsin, thermolysin, chymotrypsin, and pepsin. Digestion with TPCK-treated trypsin (EC 3.4.4.4) was in 0.5% NH4HCO3, pH 8.0 (enzyme/substrate ratio 1:100, w/w) for 5 hr at 370C, and was stopped by freeze-drying the solution. The digest was chromatographed on a Dowex 1-X2 column (0.9 X 130 cm) at 40'C using pyridine-acetic acid buffer for development (pH gradient from 8.5 to about 3.0). Each separate peak, or a cut therefrom, was recovered by rotary evaporation and rechromatographed on a Dowex 50-X2 column (0.9 X 27 cm) at 520C with a linear gradient of pyridine-acetic acid buffer, from 0.2 M at pH 3.1 to 2.0 M at pH 5.0. Further purification, when required, was by chromatography or electrophoresis on paper and by chromatography on Sephadex gel.
Thermolysin digestion was in 0.05 M Tris buffer, pH 8.0-2 mM CaCl2 (enzyme/substrate ratio 1:200, w/w) for 2 hr at 370C. The peptides were lyophilized, dissolved in 0.05 M ammonia, and applied to a Sephadex G-25 column (0.9 X 150 cm). The fractions obtained were further purified by Dowex 1 or Dowex 50 chromatography as described above.
Chymotryptic (EC 3.4.4.5) digestion was in 1% NH4HCO3, pH 8.0 (enzyme/substrate ratio 1:100, w/w) for 6 hr at 370C. Peptic (EC 3.4.4.1) digestion was in 0.5% formic acid (enzyme/substrate ratio 1:50, w/w) for 5 hr at 370C. Peptides were separated on Dowex 1 or Dowex 50. The resultant peptide fractions were tested for purity by high-voltage paper electrophoresis and by paper chromatography, if necessary.
Amino acid analyses of peptides were performed on a Beckman/Spinco analyzer, model 644, after hydrolysis with 6 N HC1 in an evacuated tube for 20-24 hr at 1050C. Sequential Edman degradation was performed by the subtractive procedure (7) , and by direct identification of the amino acid phenylthiohydantoin derivatives by gas chromatography (8 PMouse Immunoglobulin Sequences 591 plete details of the sequence of each tryptic peptide. In the left-hand column, the peptide number has been arbitrarily assigned and does not correspond to the sequence of elution from the column.
The COOH-terminal amino acid in each peptide was lysine, arginine, or aminoethylcysteine, as would be expected from the specificity of trypsin, except in peptide T19, which had serine as the COOH-terminus. The COOH-terminal peptide bond, aminoethylcysteine-serine, was not split by trypsin. The complete sequence of all tryptic peptides was determined, except for T17 where only a partial sequence was obtained. A chymotryptic peptide of 26 amino acid residues (positions 38-63) was isolated from the tryptic digest and, together with the thermolysin peptides, gave a complete sequence for T3. The bonds Trp 37-Val 38 and Tyr 192-Ser 193 were split in about 5% yield, perhaps as a result of chymotrypsinlike activity still present in our trypsin preparation. The Lys 43-His 44 bond was resistant to trypsin. Tryptic digestion produced a core peptide that was not studied in detail.
To establish the sequential order of the tryptic peptides, S-car-boxymethylcysteinyl light chains were digested with thermolysin. Table 2 lists those peptides that have been isolated with satisfactory purity. Completely overlapping sequences were obtained, and the sequences of various short regions present in tryptic peptides were confirmed by comparison with the thermolysin peptides obtained from the same region. The peptides obtained had terminal amino acids consistent with the specificity of the enzyme. The complete structure of the lambda light chain, MOPC 104E, is shown in Fig. 1 In order to demonstrate differences in the amino acid sequence of another lambda chain, protein RPC 20 was studied simultaneously. This study, although not yet completed, has shown no differences. All of the expected tryptic peptides have been isolated and characterized in terms of amino acid composition and partial amino acid sequence; all of these peptides have their counterparts in MOPC 104E. Moreover, evidence has been obtained from thermolysin digests that the order of the tryptic peptides is the same as in MOPC 104E.
DISCUSSION
Nineteen unique tryptic peptides from lambda chains MOPC 104E and RPC 20 of the mouse were isolated and characterized. The two proteins appear to contain about 215 amino acid residues, corresponding to a molecular weight of 23,000. High tryptic specificity was observed only when digestion was limited to 5 hr at 370C. Under these conditions, arginine, aminoethylcysteine, and lysine bonds were almost completely cleaved, except for the Lys 43-His 44 bond which was not hydrolyzed. It is well known (12) that the rate of tryptic cleavage at arginine or lysine is decreased when the basic residue is preceded in the sequence by an acidic amino (1971) serine, than was determined by amino acid analysis. Isolation of short chymotryptic fragments from this area confirmed the Edman degradation results. In order to determine the sequential order of the tryptic peptides, S-carboxymethylcysteinyl light chains were digested by thermolysin. This enzyme preferentially hydrolyzes the peptide bonds involving amino groups of leucine, isoleucine, valine, phenylalanine, and alanine (13) . In this study, we found the same type of specificity, with a slight tendency to hydrolyze the Tyr 175-Met 176 and Ala 186-Trp 187 bonds. The amino acid sequences of mouse lambda (positions 108-215) and kappa and human lambda and kappa chains were compared. There are 75 identities in the common region between mouse lambda and human lambda, but only 37 between mouse kappa and mouse lambda and about 25 between human kappa and mouse lambda. This strongly indicates that the genes for kappa and lambda chains must have differentiated early in evolutionary history.
The presence of at least three fundamental sequences in human kappa chains has been proposed, based on the concurrences of certain amino acids (linked groups) in the variable positions of the chains (14) . Four fundamental sequences have been proposed for human lambda chains (15) . The amino-terminal portion of 20 kappa chains from the mouse have been examined recently, and these proteins can be divided into at least nine distinct subgroups (16) . Studies of mouse lambda chains MOPC 104E, RPC 20, and two others (HOPC 1 and 511, also from the BALB/c strain) in our laboratory do not as yet reveal a pattern of subgroups.
Pairs of human light chains within a subgroup have shown an average of 13 amino acid interchanges (17) . Mouse kappa chains within a subgroup similarly differ from one another, with an average of 12 interchanges. A distinct germ-line gene is required for each V (variable) region subgroup (17) . A controversy, however, exists as to whether the intrasubgroup differences are generated somatically from a small number of germ-line genes or are encoded in several large sets of germline genes evolved from a small number of ancestoral genes by duplication and subsequent divergence (18, 19) . It is difficult to decide between these alternatives as insufficient data are available. The identity of two mouse lambda chains could be interpreted as evidence of a small number of germline genes involved in the biosynthesis of light chains, or as resulting from peculiarly restricted expression of the lambda V region genome in the BALB/c plasma cell neoplasias. It is known, however, that the lambda chain occurs in low abundance (about 3% of all light chains) in normal mouse immunoglobulins (K. R. McIntire, personal communication). The interesting question of a restricted lambda V genome versus a restricted expression thereof will remain after examination of the primary structure of normal mouse lambda chains if the low abundance correlates with a paucity of sequences.
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